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Abstract 
In this study, liquid-liquid equilibria (LLE) of sunflower oil, ethanol and water have been studied at temperature 
range of (298.15-340.15) K. The experimental measurements were carried out for one type of vegetable oils of 
sunflower oil in a glass equilibrium cell at a number of fixed temperatures at atmospheric pressure. The modeling of 
the experimental data was based on considering one pseudo-component for the vegetable oil. The experimental data 
were modeled using the UNIQUAC, three-parameter NRTL and six-parameter NRTL models. The modeling could 
correlate correctly the experimental data. The standard deviations between calculated and experimental mass 
fractions for the UNIQUAC, three-parameter NRTL and six-parameter NRTL models were 0.312%, 0.529 %, 
0.307%, respectively. These standard deviations show that the above-mentioned models have ability to correlate 
such complex systems. The six-parameter NRTL had better calculated mass fractions. 
 
© 2013 Published by Elsevier B.V. Selection and/or peer review under responsibility of Asia-Pacific 
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1. Introduction 
In recent years, biodiesel is going to be a substituted fuel for fossil fuels. Fossil fuels are the largest 
energy sources for engines. But, they cause environmental pollution, and generate toxic substances. By 
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increasing the price of fossil fuels the production of biofuels becomes economical. Advantages of using
biodiesel include decrease in environmental pollution and toxic substances [1-2]. Biodiesel is produced 
from fats, and vegetable oils and is an important fuel. Biodiesel is mono alkyl ester acids with long 
chainsfrom vegetable oils. Crude vegetable oils contain triacylglycerol, fatty acids, and hydrocarbons. In
order to produce biodiesel, first the triacylglycerol should be converted to methyl ester and low level
mono/diglycerol components. Standard biodiesels require low content glycerol [3-5]. Approaches for 
producing biodiesel include pyrolysis, micro-emolsification, transesterification. Transesterification
includes mixing oils with alcohols with short chain for generation biodiesel by catalyst.Vegetable oil is
the biggest source for biodiesel. Ethanol and methanol are commercial alcohols which are used for 
producing biodiesel [6].Transesterificaton advantage for producing biodiesel is that this process requires
low equipment and cost. Also, it maximizes the quality of the products. Tranesterification reactions
require water in the system[7].Oils and alcohols compose two phases. For a higher reaction yield, the
mutual solubility of reactants should be increased in two phases. In this work, the mutual solubilities
have been measured for the system of sunflower-ethanol-water system at the temperature range of 
(298.15-340.15) K. Also, the solubilities of this system have been modeled using three activity
coefficient models.
2. Experimental
2.1. Material
Sunflower oil was purchased from BehshahrIndustrial Company (Iran).Anhydrous ethanol was from
Merck Company (Germany). Distilled water was from our laboratory in ShirazUniversity. All materials
were used without further purification. In this work the components were numbered as sunflower oil (1),
ethanol (2), and water (3).
2.2. Experimental procedure
For each experiment of the sunflower oil-ethanol-water system, each species was poured in the
equilibrium cell and weighed by digital balance (Sartorius, model ED323S-CW Germany) with 
accuracy of 0.001 gr. The equilibrium cell was placed in a shaker (IKA, model KS 4000i) with
temperature control for 30 minutesin order that the two-phase system reaches equilibrium. Then the 
equilibrium cell was placed in anincubator with identical temperature of the experiments for 20 hours
for separating the two phases. The water content of each phase was determined by titration (Mettle 
Toledo, model DL31) and the oil content was measured by the solvent evaporation.The approach which
was used byMarcilla et al. [8], was adopted to determine the weight percent of each component in this
work.
3. Thermodynamic modeling
The UNIQUAC, three-parameter NRTL, and six-parameter NRTL were used for correlating the
experimental data. The UNIQUAC and three-parameter NRTL equations were chosen from Rodrigues
et al.'s work[9], and six-parameter NRTL equation was selected from da Silva et al.'s paper[7]. The
sunflower oilwas assumed as one pseudocomponent, and the parameters of the UNIQUAC 
equation for this pseudocomponent were determined using a group contribution method (Eq. 1).
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where, mnv  is the number of subgroup n in the molecule m, and kM  is the average molecular weight of 
pseudocomponent. C is the number of pseudocomponents in the system; G is the total number of 
subgroups. Van der Waals parameter s kR , kQ  were from Magnussen et al . [10].The binary interaction 
parameters , ,ij ji ijA A a were optimized usingthe following objective function (Eq 2): 
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In Eq.2, A is the total number of groups, B is the total number of tie lines, and C is the total number 
of components. Op and apindicates the oil and alcohol phases. w is the weight fraction of component in 
each phase and op
kjiw
, ap
kjiw
are the standard deviations of each data in each phase. Exp,and cal are 
experimental and calculated values. The standard deviation was calculated for each data using Eq. 3 
proposed by da Silva et al. [7]. 
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4. Results and discussions 
For the characterization of the sunflower oil the approach of Filho et al. [11] was used. Table1 shows 
the composition of fatty acids in the sunflower oil. 
Table1. Fatty acid Compositions of the vegetable oil. 
Fatty acid             symbol                  C x:y M a   sunflower oil 
g. mole-2 100 x             100 w 
 
Meristic M C14:0 228.38 0.098421 0.08 
Palmitic P C16:0 256.43 7.768403 7.09 
Stearic S C18:0 284.49 3.535659 3.58 
Oleic O C18:1 282.47 31.70035 31.87 
linoleic Li C18:2 280.45 56.5339 56.43 
Linolenic Le C18:3 278.44 0.363266 0.36 
 M =molar mass. C x: y, x=number carbons, y=number of double bonds. 100x =mole percent of fatty acid, 100w =mass percent of 
fatty acid. 
Fatty acids are the largest existing group in the vegetable oils. Table2 shows the probable 
composition of triacyl glycerol in the oil.Binary parameter correlated with models used from 
experimental data. The binary interaction parameters of the models were correlated by minimization of 
the object function (Eq. 2). Figs. 1 and 2 show the modeling results of the three models in the 
temperature range of (298.15-340.15) K. As it is clear from the figures, all three models can rigorously 
model this system. The standard deviations between calculated and experimental mass fractions for the 
UNIQUAC, three-parameter NRTL and six-parameter NRTL models were 0.312%, 0.529 %, 0.307%, 
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Table 2.Triacyl glycerol compositions of the sunflower oil. 
TAG Group        
x:y  
M a   sunflower oil 
g. mole-2 100 x             100 w 
POP 50:1 833.37  0.5847 0.5562 
PLiP 50:2 831.35  1.0428 0.9895 
POS 52:1 861.42  0.5322 0.5233 
PSLi 52:2 859.40  0.9493 0.9311 
POO 52:2 859.40  2.3862 2.3406 
POLi 52:3 857.39  8.5110 8.3288 
PLiLi 52:4 855.37  7.58920 7.4091 
SOO 54:2 887.46  1.0860 1.1000 
SLiO 54:3 885.44  3.8736 3.9146 
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SLiLi 54:4 883.42  3.4541 3.4828 
OOO 54:3 885.44  3.2457 3.2801 
OOLi 54:4 883.43  17.3654 17.5096 
OLiLi 54:5 881.41  30.9692 31.1550 
LiLiLi 54:6 879.43   18.41002 18.4788 
M=molar mass. x=number carbons (except carbon of glycerol sub group), y=number of double bonds, 100x=mole percent of 
triacylglycerol 100w=mass percent of triacylglycerol. 
 
Fig. 1. Liquid liquid equilibrium for systems sunflower oil(1)+ethanol(2)+water (3) ; , experimental data , , UNIQUAC 
calculated data , ++ +, three-parameter NRTL calculated data. 
 
Fig. 2. liquid liquid equilibrium for systems sunflower oil(1)+ethanol(2)+water (3) ; , experimental data , , six-parameter 
NRTL calculated data. 
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